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This report covers one phase of a continuins invostication of 
the stresses and deflections in swept wings of high solidity. The 
erporliaeiltal work consisted of testing a solid plate having the shape 
of Q porallologrtEi. under bonding and torsion, to determine the stress 
and deflection patterns for angles of sweep up to sixty degrees. The 
torsion vector at the tip was applied perpendicular to the root. 

Uhder all loadings the area of critical stress is at the root 
near the trailing edge. Ihider bending loads the stresses near the 
trailing edge do not vary with angle of sweep up to forty degrees; 
at sixty degrees the trailing edge stresses decrease. 

Near the leading edge the stress pattern varies sharply with 
angles of sweep, the stresses near the root becc»ning negligible at 
high angles, and the stresses in the outer portion of the span be- 
coming greater. 

Ifrider uniform shear and uniformly distributed loading, for all 
angles of sweep, the area of "end effect* extends to approximately 
three-quarters of a chord length outboard of a line perx>endicular to 
the axis through the trailing edge root. 

This investigation was carried out at the Guggenheim Aeronauti- 
cal Laboratory of the California Institute of Technology during the 
academic year 194^1949 • 
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I. i?;rnoTXTioN 



In tho sa'.ner of 1947 tho C,uQronhcin AnronRutlcal U\boratory 
of tho California Inotltuto of Toohnoloo^ (GALCIT) was chanted a 
contract by tho 0. S. Air Force to invoatigato the effect of sweep 
upon tho dof lection and otress pattoma of olrcrnft wings of high 
solidity. The invoatlgation ia being oarriod out both theoretically 
and experiment ally and this report ia essentially a critical analy- 
sis of one phase of the experlrnental work. 

Since little or no published material exists on this subject 
it was necessary to begin tho work with some comparatively elemen- 
tary studies of the bohevior of solid plates having the shape of 
swept wings and subjected to uniform shear loading, uniformly dis- 
tributed loading and torsion. 3y September of 1949 a preliminary 
investigation on a thin plate had boon completed by the GALCIT staff. 
This work 'pointed the way* to tho present invootigotion juat aa 
this paper will suggest several points to bo considered in further 
investigation of the problem. 

liie specimen used in the present tests was a “thick* plate of 
24 S-T eduminum alloy ten inches ?.ldo by one inch thick and having 
a length of forty inches between tho support end the tip. Four con- 
figurations, corresponding to angles of sweep of zero, twenty, forty 
and sixty degrees, were tested under uniform shear, unlfcnaly dis- 
tributed, and torsion loadings. Loading was progressive in each of 
the three types and readings wore taken to obtain both deflection 
and stress at a representative number of points under each typo of 
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load* It was found that the defleotlons beoeiae large at the trail- 
ing edge near the tip under all types of loading. The atreeses 
build up rapidly near the root at the trailing edge, for all angles 
of sweep and all loadings but this condition appears to beoocne more 
critical with larger sweep angles. For more exact data on the 
stresses in this region it is recommended that a more complete In- 
restigation be made. 

IMb investigation was carried out in the GALCIT structures 
laboratory under the supervision of Dr. Z* 2. Sochlor, Professor of 
Aeronautics at the California Institute of Technology. It was done 
in conjunction with Lt. Comdr* Ralph S. Chandler, U. 3. Navy, dur- 
ing the eoadeoio year 1949-1949 • 
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II. STiUIPf.n^ AI'TD rHOGimoHE 

Tho teat specimen ucod throughout this invest igation mo a 
plate of 2i^ 3-T altciinum alloy, ten inchea wide by one inch thick 
and originally Just over six feet long. The toot portion was forty 
Inchea long and this was maintained conatant in the swept configu- 
ration by cutting triangular pieces from tho free end so as to leave 
this edge parallel to the support. The dimensions of the opcolmen 
in the four configurations of zero, twenty, forty, and sixty degrees 
of sweep ere shown in Figs. 4 15 • 

Standard SR-4 strain rosettes manufactured by the Beldwin- 
Southwark Co. were attached to the specimen at the points indicated 
in the above figures. These were connected to a wheatotone bridge 
circuit from which were taken the strain readings in millivolts. 

Ihese readings were then converted to principal stresses. 

The support for the specimen consisted of a massive steel 
framework made up of I bearas and solid plates. This support is shown 
in Figs. 1 and 2. It was bolted to the concrete floor and results 
show that a reasonable degree of rigidity was achieved. Since com- 
plete fixity was not possible a survey was made as described below 
to determine the amount of "sag". 

The test specimen was inserted between the two solid plates at 
the top of the support and siirrounded by specially out spacers. These 
spacers irere used in an effort to obtain a uniform pressure over the 
fixed end of the specimen. Located beneath the specimen was a large 



QQooth table 



Deflootions under load were obtained by meaflurine the change 
in distance* to the nearest thousandth of an inch* between this 
table end the speoiinen when the rerlous loads were applied* For 
this purpose a dial deflection gauge manufactured by the B* 0. Ames 
Company was used* Zeros were obtained before end after loading and 
it was found that at least throe loading cycles wore needed in order 
to stabilize these* Deflection readings were tolcan at intervals of 
two and one-half inches axially and at the zero, twenty-five, fifty, 
seventy-five and hundred per cent chord points. The range of those 
points was from as near as practicable to the root out to api^oxi- 
nately seventy-five per cent of the "semi -span”. 

Three types of loading were used on each configuration, these 
being hereafter referred to as uniform shear, uniformly distributed, 
and torsion* The uniform shear load was applied through a- whiffle- 
tree arrangement, as shown in Fig* 1, to obtain a uniform distribu- 
tion along the chord at one hundred per cent semi -span* The uniform- 
ly distributed load was applied by distributing shot bags evenly over 
a foam rubber pad on the surface* The torsion load was applied by 
attaching a bar to the free end to which were attached two 
One of these cables ran over an overhead pulley to a tray and the 
other wont directly to a tray as shown in Fig. 2. For the uniform 
shear load a maximum of six hundred poimds of shot were placed in 
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the tray suapended from the whifflo-tree. For the uniformly distrib- 
uted load a maxirmni of twelve hundred pounds of shot were spread over 
the spooimen. In the torsion loading a maximuin of forty-five thousand 
inch pounds were applied. Under each loading;, readings wore taken 
for cotaperlson at loading inoroiasnts of one-third, tv70- thirds and nax- 
imum. Only the maximim readings were plotted, both of deflection and 
stress. 

Ihe deflection readings as token were plotted as shown in Figs. 
l6 to 27* Since the magnitude of the deflection is of interest rather 
than the direction, the absolute value is plotted without regard to sign, 
except where a given tost has deflections in both directions. Under 
uniform shear and unifoxmly distributed loads the deflections are all 
in the direction of loading, l&ider torsion the deflection direction 
reverses, for certain areas, as the sweep angle is increased. 

As the results of the plot for a aero sweep angle differed iT»aa- 
urably from those derived from theoretical calculations, a survey was 
toade to determine the emount of sag in the support. A lightweight I 
beam was clamped to the top of the support and its deflection measured 
when the specimen was loaded. An arch was raoxmted on the top of the 
main support and the deflection of the top support plate maasurod when 
the load was applied. Finally the sag of the bottom support plate was 
measured. The combined results of this survey, for sag in the plane 
perpendicular to the support, are shown in Fig. 3^. 'fho sag in the 
plane parallel to the support was found to bo negligible* 
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Ualng the corrooted valuoc for deflection, cross plots wore then 
made to show the variation in deflection with increased anslo of swoop 
for points on the fifty and seventy-five per cent semi-span linos. 

P’i'S* 34 shows this voriation for tho uniform shear and unifomly dis- 
tributed loadings end i^ig. 33 shows it for tho torsion loading. 

The orientation and magnitudo of the principal stresses at the 
various strain rosette locations ore shown in ;’'igs. 4 to 13 * Iroso 
plots were made as shown in Figs. 28 to 30 to show the variation in 
stress magnitude near tho trailing edge for the various sweep angles. 
Similar plots were made for tho stresses near the loading odge as 
shown in Figs. 31(a) to 33(h). Data for these plots are listed in 
Tables 1 and 2. 

31(h) and 33(h) were traced from ^igo. 31 (a) and 33(a) re- 
spectively and then three additional curves wore drawn on each one. 
These curves are representations of the standard engineering formulas 
for stresses in a simple cantilever beam. For these computations the 
beems wore considered to have fixed roots on a line perpendicular to 
tho plate axis through the trailing odge root. Ihis is shown in each 
figure • 



III. RS3ULTS AND DIS3UDDI0H 



A. JrRISSDC; 

A visual picture of the orlontatlon and and ran^piitudo of the 
principal otrocaos at tho various strain gauf^o locations lo shOTm 
in 4 13* It con bo soon that tho streasoo near the trail- 

ins eds© will bo critical for oil angles of sreop, particularly in 
tho oren near t?ie root. It lo in this area that tho data are insuf- 
ficient for o ooraplete anolysis. Plots of the variation in njaxiraun 
stress with distance frocn the root, near the leading and trailing 
edges, are shown in Figs. 28 to 33(b). 

1. Trailing edge - For tho uniform shear load the streesea in- 
crease linearly for the outer 805 of the span and then rise very 

sharply to the root. For the unifomily distributed load the stresses 

% 

increase approximately parabolloally, having almost the same ourrature 
as the engineering formula, l^er both typos of loading it is noted 
that the stresses for 2 ero, twenty, and forty degreea of sweep ore 
equal for the outer 855 of the plate. Those for sixty degrees of sweep 
are measurably loss. In both cases use of tho standard engineering 
formula for a contllovor bean gives resvilts which are ooneervative by 
ten per cent or moro for the outer 855 of the plate. Nearer the root 
tho stresses rise sharply above the formula results for all angles of 
sweep. 

For the torsion load the stresses near the trailing edge increase 
sharply with sweep* This is duo to the manner in which the torsion 
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load was applied. Since the torsion vector is porpendloular to the 
root at the tip the plate is oubjootod to more and more bending as the 
swoop angle is increased. For each angle the stresses have approxlnate- 
ly a constant value for the outer 75^ of the plate and then rise sharp- 
ly to the root. 

2 . Leading edge - For the uniform shear and uniformly distributed 
loads the point of maximum stress near the leadiig edge moves rapidly 
outboard with increase in angle of sweep as shown in Figs. 3i(&) e^d 
and 33(a)* Inboard of this point of maximum stress the magnitude de- 
creases rapidly, particularly for the higher angles of sweep, and the 
stresses become negligible at the leading edge root. 

For the foiir angles of sweep investigated, a point of interest 
worthy of further investigation is noted. Under the uniform shear 
load, the distance fram the root to the point of maximum stress varies 
linearly as shown in Table 5* 

For the torsion loading, the stresses near the loading edge are 
shown in Fig. 32. On the zero sweep specimen the tensile and compres- 
sive stresses are equal and constant for the outer 30;S of the span. 

Near the root the tensile stresses increase while the compressive 
stresses decrease due to end effect. As the angle of sweep increases 
frcHn zero to sixty degrees the tensilo stresses (on top of the spool- 
men) steadily decrease, while the compressive stresses increase rapidly 
at the outer end of the span. For the inboard end the compressive 
stresses reverse this trend, decreasing more and more sharply as the 
angle of sweep is increased. The innermost point for high compressive 



stress mores progressively outboard with i;ioreese in angle of sweep, 
the magnitude of this high stress likewise increasing. These coapres- 
sive stresses at large angles of sweep ere due primarily to bending, 
rather than torsion, due to the manner of loading. Opposite stresses 
exist on the bottom of the speoimen. 

3. Ilnd effeot - In ?*lgs. 31(b) and 33(b) the curve for the stand- 
ai^l engineering formula is different for each angle of sweep. This 
is due to the fact that only a portion of the plate is considered as 
n simple cantilever beam. This is the portion outboard of a line drawn 
through the trailing edge root, perpendicular to the axis of the plate. 
The theoretical loading in each case is modified from the actual load- 
ing as shown in the figures. 

For the uniform shear and uniformly distributed loadings Figs. 23, 
30, 31(b). end 33(b) show that the area of '*end effeof, for ell angles 
of sweep, extends outward from the root to a line perpendicular to the 
plate axis, three-quarters of a chord length outboard of the trailing 
edge root. Outboard of this line, for all angles of sweep, the theo- 
retical results for the uniformly distributed load agree very well with 
those obtained experiiien tally. Near the leading edge for the uniform 
shear load this is not the case, for the zero sweep angle nor for the 
sixty. The formula gives conservative resjlts for the former , agrees 
very well for twenty end forty find then is non-conservative for sixty 
degrees of sweep. 

As noted above under the discussion for the trailing edge, the 
theoretical results, under uniform sheer load, agree very well up to 
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forty degrees of sweep. At sixty degrees of sweep the disagreement 
is marked. This leads to the oonolusion that for angles of sweep great 
er than approximately forty-five degrees t the simplifying essuraptione 
of the engineering fomula are no longer valid. 

For all types of loading the deflections remained in the linear 
range and the "zeros" measmred after removing the loads agreed, within 
extremely narrow limits, with the initial zeros. For the zero angle 
of sweep and the uniform shear load, the deflections were slightly 
greater than those computed from the standard engineering formula for 
eantilever beams. This is shown in Table 6. 

The deflection at the various chord points for fifty and seventy- 
five per cent of the semi-span under uniform shear and uniformly dis- 
tributed loads is shown in Fig. 34* Tho points of maximum deflection 
occur at the trailing edge under both types of loading and would occur 
for an angle of sweep between twenty and twenty-five degrees. The de- 
flection of the leading edge decreases rapidly with increase in angle 

\ 

of sweep. 

The deflection at the various chord x>oint3 for fifty and seventy- 

five per cent of the semi-span under torsion load is shown in Pig. 35» 

•Hie deflection of the trailing edge increases sharply with increase in 

angle of sweep. The deflection of the leading edge for small angles 

# 

of sweep is in the direction of the torq.ue. As the sweep angle increas 
es, the deflection at any given span point decreases to zero and then 
increases in the opposite direction. It reaches a xoaxiraum in this 
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direction at an an^le of sweep of approximately forty-five degrees 
and than decreases again. 

c. Aociruar 

Under all types of loading, when the load was removed the spoci- 
man returned to its original position within three thousandths of an 
inch, an error of leas than ono-half of one per cent of the maxiraum 
deflection. This cannot be said for the return to electrical zero in 
the Wheatstone bridge circuit in all cases. However, the error in 
return to zero bears no relation to the magnitude of the stress. In 
the large majority of cases the return is excellent but in a number of 
instances the return was off by as much as ten per cent of the meas- 
ured reading. When the readinge are converted to principal stresses, 
some of this error is averaged out. The fairing in of the curves, in 
?ig8. 23 to 33 » tends to further average out the error. 

■^hen tho principal stresses resulting from the one-third naximura 
load were multiplied by three, the two- thirds by three -halves, and 
both wore compared with those res il ting frora tho maximum load, the 
maximum error was found to be of the order of five per cent. There 
was a rand<xa direction to this error and it is believed that the var- 
iation is due to both inlierent leek of accuracy in the electronic 
eciuipment and to the inexperience of the. operating personnel. 

Some estimation of the accuracy of stress measurement is possible 
from the torsion readings for tho case of zero sweep. The deflection 
readings indicate that tho torsion vector was very close to its in- 
tended direction. Therefore the ccrapressive and tensile stresses- should 
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be constant in tlio area which is not subjected to *ond offect". raldnG 
fran Tables 1 and 2 the last five torsion roadin^:s for the zero sweep 
cose, both oonpressive and tenailo* averaging them and then investi- 
gating the magnitude of the error loads to the following conclusion i 
there is an average error of less than plus or minus three per cent 
and a maximum error of six and a quarter par cent. 

As shown in Fig. 3^ the sag of the support decreased with in- 
crease In angle of sweep. At 73^ of the semi-span, for the case of 
zero sweep, the moasuroble sag was twenty-four thousandths of an inch 
or approximately two and one-half per cent of the experimental deflec- 
tion. At sixty degrees of sweep the mensurable sag was aligJitly 
greater than ono per cent. 

Table 6 shows the difference between the deflections as measured 
for zero sweep angle, and those computed from the standard engineer- 
ing formula for cantilever beams. The results given by the standard 
formula wore compared with those given by Stevenson’s exact formula in 
Hef . (a). This latter comparison was for points along the centerline 
of the plate and the difference was negligible. In Stevenson's formula 
he sets the boundory conditions only at one point, the center of the 
plate at the root, where he assumes zero deflection and zero slope. 

In this investigation the plate was clomped along the entire root chord, 
which leads to x^ioro boundary conditions than unknown constants in the 
formula. In addition these boundary conditions are not known exactly. 
For this reason the standard engineering formula is believed to be as 
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nearly exact as any known. 

While the error in stress measurement may he as high as six per 
cent in some isolated eases and the dofloction error nay vary from 
throe per cent upwards, those errors do not affect the general re- 
oulto stated above. These results are trends and are derived from 
curves in which the errors are automatically reduced. 
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IV. CONCLUSIONS AND RJ3C0:.LISNDATI0fJ3 



A. CONCLUSIONS 

1. Under all types of loading for angle of sweep greater than 
zero the oritioal stresses occur at the trailing edge at the root, 
these stresses increasing sharply over the inner 2^% of the span. 

2. Under ell types of loading the stresses at the leading edge 
at the root decrease sharply with increase in angle of sweep. 

3* Along the loading edge the point of maximum stress for all 
types of loading moves outboard with increase in angle of sweep. 

4» Under uniforto shear and uniformly distributed loadings the 
area of "end effect" for all angles of sweep extends to approximately 
three-quarters of a chord length outboard of a line perpendicular to 
the axis through the trailing edge root. 

3* Under uniform shear and uniformly distributed loading, use 
of the standard engineering formulae for stresses in a cantilever beam 
give good results for angles of sweep up to forty-five degrees if only 
that portion of the plate not subject to "end effect" is considered. 

6. Under uniform shear and uniformly distributed loading the 
stresses at the trailing edge for the outer 83;£ of the span do not vary 
with angle of sweep up to forty degrees. ?or sixty degrees the stresses 
decrease meesurebly. 

7 . For angles of sweep in excess of forty-five degrees, under 
uniform sheer loading, the simplifying assumptions in the simple beam 
formulae are no longer valid. 
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8. The points of maximum deflection under the uniform sheer and 
uniformly distributed loedings occur at the trailing edge for an angle 
of sweep between twenty and twenty-five degreoo. 

I 

The deflections under uniform shear loading for zero sweep are 
slightly greater than those given by the standard engineering formula 
for a cantilever beam. 

B. RE-C;0f^vi:3TOATI0N3 

1. The stresses in the area around the trailing edge root should 
be Dxxre thoroijghly investigated. 

2. For the sane amount of time spent, more valuable results could 

/ be obtained from taking readings under the maximum loads only. 

3 . “*itb the results of this experiment in hand, more valuable 
information could be obtained from fewer strain rosettes which were 
more advantageously placed. 
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TABLS 1 



Stros3oo at Ninety Por Cent of Chord 



Di stance ♦ 




Stresses (psi) 








Uniform 


Unifomljr 


Torsion 




Shear Load 


Distributed Ijoad 


Load 






t- 


+- 


- 


V 






0 

0 






1.00 


12838 


11314 


14062 


4480 


5.00 


11486 


9303 


11340 


9624 


9.00 


9855 


7034 


10554 


11512 


13*00 


8595 


5316 


11109 


10910 


17.00 


7460 


4124 


10974 


11544 


30.00 


3267 


791 


10927 


11658 


34.00 


2025 


236 


11541 


11068 






ji - 20 ° 






1.20 


17408 


13486 


21985 


5497 


5.20 


12285 


10100 


17961 


8413 


9.20 


10324 


6882 


17125 


9022 


13*20 


3726 


3080 


17148 


8952 


17*20 


7435 


3915 


17098 


8943 


30.30 


2921 


631 


16973 


8776 


34*30 


1490 


117 


17022 


8331 






P'- 40® 






3.17 


13359 


13423 


24515 


3948 


7.17 


10979 


8375 


21497 


4379 


11.17 


9223 


6060 


20413 


5257 


15.17 


7644 


4555 


20119 


5137 


32*17 


2010 


270 


20459 


4882 


36*17 


764 


125 


17179 


3936 






li-- 60° 






2.67 


15178 


11702 


31323 


1234 


4*67 


11471 


8383 


26394 


1902 


8.67 


9143 


3708 


23937 


2249 


12.67 


7422 


3635 


23404 


2183 


16.67 


5677 


2467 


23016 


2?53 


24*67 


3174 


817 


22328 


2038 



••Distance Is raoasured in inches from root along chord line 



3 trossea at Ten Per CJont of Chord 



Distance'*' 




Stresses (psi) 








Uniform 


Uniformly 


Torsion 






Shear Load 


Distributed Load 


Load 










- 


-t- 






0 

0 






1,00 


13053 


12550 


3358 


14619 


5.00 


114^ 


9990 


9329 


11795 


9.00 


9423 


6820 


10881 


11032 


13.00 


8555 


5428 


10346 


11846 


17.00 


7077 


3415 


10935 


10980 


26,00 


4568 


1325 


11550 


11439 


30.00 


3198 


762 


10619 


12018 






^ 20° 






2.30 


10350 


10148 


6776 


9700 


4.30 


11147 


10091 


10678 


8816 


8.30 


11265 


9569 


15118 


8755 


12.30 


9722 


6331 


15788 


8996 


16.30 


8821 


4991 


16831 


8993 


20.30 


7166 


2241 


16819 


8928 


29.30 


4323 


1185 


17269 


9246 


33.30 


2853 


362 


17203 


9397 






j }-~ 40° 






1.80 


CO CO 


4880 


183 


7577 


3.80 


6356 


3023 


5445 


3.80 


8417 


7831 


7816 


4236 


7.80 


9747 


8498 


12210 


4219 


9.80 


10329 


8694 


15397 


4280 


13.80 


10331 


8524 

5 W 


19265 


4317 


17.80 


8697 


19171 


5308 


21.80 


4201 


4002 


19984 


5188 


25.80 


6130 


2662 


19599 


5366 


34*80 


3105 


647 


20100 


5278 



*Dlstance Is measured In inches from root along chord line 



TABLE 2 (Cont'd) 



Streaaea et Ten Per Gent of Chord 



Distance* 




Stresses (pel) 








Ihiiform 


ttaifonaly 


Torsion 




Shear Load 


Distributed Load 




Load 








- 








o'- 60° 






2.30 


634 


274 


176 


3527 


L.30 


1652 


363 


318 


3093 


6.30 


4^0 


1703 


1011 


23 -)7 


G.30 


3133 


2758 


3023 


2020 


IC.30 


4394 


3778 


3284 


1333 


12.30 


6321 


4830 


9036 


1220 


14.30 


7359 


6120 


13546 


1372 


16.30 


8763 


6609 


17323 


1703 


ie.30 


9133 


6508 


19821 


1813 


22.30 


8324 


4968 


22364 


2117 


26.30 


7 m 


3976 


21342 


2633 


30.30 


6032 


2407 


23208 


2309 



•^Distanoe is loeasured In inches fran root along chord line. 
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TABL.’: 3 

Deflections et Fifty Per Cent Serai-span 

P ° Deflections (inches) 

Uniform Shear Load 





L.S. 


23^ 


30fS0 


75 ^ 


tv r* 

1 • ^ • 


0 


.463 


.463 


.469 


.466 


.464 


20 


.416 


.445 


.475 


.307 


.331 


40 


.260 


.323 


.382 


.448 


.318 


6o 


.035 


.119 


.209 


.326 


.443 




Uniformly Distributed Load 






0 


.412 


.414 


414 


.413 


.413 


20 


.392 


.410 


434 


.433 


• hi 5 


40 


.233 


.306 


•353 


.403 


.436 


60 


.061 


.114 


.176 


.263 


.337 






Torsion 


Load 






0 


-.3^0 


-.130 


.020 


.180 


•333 


20 


-.060 


.100 


.270 


.445 


.630 


40 


.070 


.240 


•440 


.690 


.930 


6o 


.010 


.150 


.390 


•m 


1.190 



I 
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TABLE 4 

Deflections at Seventy-Five Per Gent Semi -span 



Deflections (inches) 

3 ^ L.E. 50^ 75^ T.2. 

Uhiform Shear Load 



0 


•953 


•956 


.956 


•956 


.953 


20 


.852 


.397 


.942 


•985 


1.023 


40 


.648 


•727 


.802 


.902 


1.001 


6o 


.258 


.338 


0 

CM 

• 


.672 


.830 






Uniforaly 


Distributed 


Load 




0 


•751 


•751 


.751 


.751 


•751 


20 


•739 


.761 


.797 


.810 


.837 


40 


•552 


.607 


.670 


.727 


.792 


60 


.220 


.316 


•393 


.501 


.606 






Toreion Load 






0 


-.460 


-.220 


.025 


.270 


•515 


20 


•135 


.380 


.640 


.920 


1.200 


40 


495 


.790 


1.130 


1.500 




6o 


.350 


.710 


I.I 8 O 


1.600 





f 
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Table 5 

7 ariatlon of Meximvva Stress Location with Angle of Sweep 
Along Ten Per Cent Chord Line 



/ 



o 



Distance from root (inches) 



0 

20 

40 

60 



0 

6 

12 

18 



Table 6 



acperiraental versus 


Theoretical Deflection erf* 


Cantilever 


Beam 




Distance from 


Deflections 






Hoot (inches) 


Theoretical 


Hrperlmental 


Difference % 


32.5 


1.046 


1.085 


.039 


3.7 


30.0 


•m 


.956 


.039 


4.25 


27.5 


.792 


.830 


.038 


4.8 


22.5 


•559 


.595 


.036 


6.43 


17.5 


•356 


.395 


.029 


8.15 


12.5 


.190 


.218 


.028 


14.7 
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ELECTRICAL EQUIPMENT 
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BOTTOM 



STRESSES PRODUCED BY SOO^LOAD 
UNIFORMLY DISTRIBUTED AT TIP 

SOLID LINES INDICATE MAGNITUDE AND ORIENTATION 
OF PRINCIPAL STRESSES. PLUS SIGNS INDICATE 
TENSION. OMISSION OF CROSS STRESS INDICATES 
negligible CROSS STRESS. SCALE l" *20m^PS.I. 
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TORSION VECTOR PERPENDICULAR TO TIP 

SOLID LINES INDICATE MAGNITUDE AND ORIENTATIOM 
OFRmNCMAL STRESSES. PLUS SICMS INDICA TE 
TENSION. SCALE :l"-aOXIO*P.S.I. 

MODEL #/ TEST ^3 



Figure S 









FBG \rSC 


T > i n A :« c S 0 «j Y , , 

U N l ^ * < V*/ ' V 


1 






R SC \FB 6 ■ 

J 

1 1. 


2-21-49 


A ^ . It P ^ » 1 


f . 1 f M 


n . 


I x', p ^ Ip 


» 1 


GUGGENHt’fVl A; ,Or 


SAL r lAI. 


PRINCIPAL STRESSES IN 




CALJ FC r 


M li 1 y , A P , J 1 * 1 

*U^^\\rVTC Of 


CANTILEVER SWEPT PLATE 




T LC H G'OLOC. Y 


: f i 


0 P A ii > 





\ - 
o 

STRESS ON 
BOTTOM 



STRESSES PRODUCED BY LOAD OF 3 P.SJ. 
UNIFORMLY DISTRIBUTED OVER PLATE 

SOLID UNES INDICATE MAGNITUDE AND ORIENTATION 
OF PRINCIPAL STRESSES. PLUS SIGN INDICATES 
TENSION. OMISSION OF CROSS STRESS INDICATES 

NECLicieu CROSS stress. SCALE .I"-20X/O^P.S.I. 

MODEL TEST # 3 



Figure 6 
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PRINCIPAL STRESSES IN 
CA N TIL £ VER SWEF T FLA TE 



STRESSES PRODUCED BY 600 ^ LOAD 
UNIFORMLY DISTRIBUTED AT TIP 

0 =£ 0 ^ 

SOLID LINES INDICATE MAGNITUDE AND ORIENTATION 
OF PRINCIPAL STRESSES. PLUS SIGNS INDICATE 
TENSION. OMISSION OP CROSS STRESS INDICATES 
NEGLIGIBLE CROSS STRESS. SCALE F^ BOX !0^ P.S.! 
NfODEL H & TEST § / 
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STRESSES PRODUCED BY 
45000 IN- LBS TORSION YECTOR 
PERPENDICULAR TO TIP 

JOUD Uh/tJ INDICATE MAGNITUDE 
AND ORIENTATION OF PRINCIPAL 

stresses, plus signs indicate 

TENSION. SCALE: T'SOKIO^ PS! 
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STRESSiS PRODUCED DY LOAD OF J RS.I. 
UNIFORMLY DISTRIBUTED OVER PLATE 

JOUD LINES /NDICATE MAGtHTUDE AND ORIENTATION 
OF PfUMCIPAl STRESSES. PLUS SIGNS INDICATE 
TENSION. OMISSION OF CROSS S TRESS iNDI CA TCS 
NEGLIGIBLE CROSS STRESS. SCALE l“=gOXIO* F. SI. 
MODEL TEST §3 
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Figure 10 



STRESSES PRODUCED BY 600^ LOAD 
UNIT OR ML Y DISTRIBUTED AT TIP 

B-40* 

SOUD UNtS tNOtCATg MAGNtTUDB AND OMSNTATION 
OF PRINCIPAL STRESSES. PLUS SIGNS INDICATE 
TENSION. OMISSION OF CROSS STRESS INDICATES 
NECLICiBLi CROSS STRESS. SCALE -T^ 20X10^ PS I 
MODEL 1^3 TEST§ I 
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Figure 11 

STRESSES PRODUCED BY 
4SOOO IN-LBS TORSION VECTOR 
PERPENDICULAR TO TIP 
0 ^ 40 " 

SOLID UNtS INDICAT£ MAGNITUDE AND 
ORtENTAT/CN OF PRINCIPAL STRESSES. 
PLUS SIGNS indicate TENSION. 

SCALE •• I"^Z0K10* PS! 
MOOaHs TEST if 2. 
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Figure 

STRSSSSS PRODUCED BY LOAD OE 
3 PS / UNIFOHML Y O/S TRIBU TED 
OVER PLATE 
3 -- 40 ' 



ouLtv LiNts tr^DtCATE magnitude Al\.0 
ORIENTATION OF PRINCIPAL STRESSES. PLl S 
SIGNS INDICATE TENSION. OMISSION OF CRO J 
STRESS INDICATES NECLICIBLE CROSS STRE' S 
SCALE : r^BOXIO^ PS! 

models 3 TEST f 3 
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Figure 1^ 

sr/?ess£s produced by 

$00^ LOAD UNIFORMLY 
DUTR/BUTED AT TfP 



B- 60 ' 

JOUD UN£S IMDfCATt MACNITUDE 
A NO Oa/£N TA T/ON OF PRINCtPL £ 
STRESSES. PLUS SIGNS INDICATE 

tension, omission of cross 
STRESS INDICATES NEGLIGIBLE 
CROSS STRESS. SCALE: r^SCSlO^PSI 
MODEL#- 4 - TEST# I 
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Figure 

STRESSES PROOUCBO BY 
45000IN-LB5 TORSION VECTOR 
PERPENDICULAR TO TIP. 

SOLID UNS.S INDtCA T€ MACMtTUDE AND 
ORIENTATION OF PRINCIPAL STRESSES 
PLUS SIGNS INDICATE TENSION. 

SCALE -T-aOXIO* PS! 

MODEL # 4. 
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VECTOR 




PRINCIPAL STRESSES IN 
CANTILEVER SWEPT PLATE 





OVER PLATE 

B- 60 ^ 

SOL ID LINES INDICA TE MA CNf TUO£ AND 

orientation of amncipal stresses, plus 

SIGNS INDICATE TENS /ON. OMISSION OF CROSS 
STRESS /NOICATES NEGLIGIBLE CROSS STRESS. 
SCALE. E0XJ0*PSI 

MODEL ^ 4. TESTES 
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